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COLOR FLUORESCENT BACKLIGHT FOR LIQUID CRYSTAL DISPLAY 

BACKGROUND OF THE INVENTION 
Thl& invention relates in general to an 
efficient display device capable of displaying 
5 monochromatic, multi-color anfl full-color images of higli 
brightness and resolution. Specifically, the invention 
relates to a liquid crystal device (LCD) withbut color 
filters, where the LCD is illuminated by a back lighting 
source, which is an electronic fluorescent source 
10 emitting jnonochromatic light or light of multiple 
colors, such as the three primary colors of red, bl\xe 
and green. 

LCDs are one of the most widely used type of 
devices. However, most of the LCDs used today are 

15 monochromatic. While multi-color and full-color LCDs 
have been proposed, their development has been hindered 
by a number of technical difficulties. In most of the 
multi-color and full-color LCDs proposed, a back light 
source is einployed. However, in most cases, the back 

20 light source employed is white light. Kierefora, to 
produced composite images of different color, red, blue 
and green filter arrays have been used. For each pixel, 
the white light directed towards a portion of the pixel 
is filtered to permit only red light to pass, and white 

25 light directed toward another portion of the same pixel 
is filtered to permit only blue light to pass and the 
white light directed towards the remaining portion is 
filtered to permit only green light to pass. Thus only 
a small part of the energy of the viiite light is 

30 transmitted through the LCD. If relatively pirre red, 
blue and green light is desired, the filters employed 
must have narrow pass bands, so that the percentage of 
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the energy of the white light utilized is further 
reduced- Alternatively, if a brighter display is 
desired, the user may have to corapromise on the color * 
quality and -utilize red, blue and green filters with 
5 broader pass bands. * 
LCD cells respond slowly to voltages applied 
across them. Typically, when scanning voltages are 
first applied to a. LCD cell, the cell has low 
transmissibn rate. The transmission rate rises slowly 
10 during the scanning cycle so that a low percentage of 
light is passed by the red, blue and green filters and 
transmitted through the LCD cells during the scanning 
cycle. This is a notable drawback of passive matrix 
type IiCD color displays, where no drivers are used 
15 contiguous to the LCD cells for driving the cells. 

To improve display brightness, active matrix 
LCD cells are proposed by adding at least three thin 
film transistors for each LCD cell or pixel for 
accelerating the turning on and off of the three 
20 portions of the cell or pixel for light transmission of 
the three different colors. Such transistors, however, 
are opaque and occupy a significant area of the LCD 
cell. In other words, whatever the designer may have 
gained by increasing the transmission rate, the designer 
25 will lose at least part of the advantage because of the 
reduction of the area of the cell that actually 
transmits light. 

A further complication in the active matrix LCD 
type displays is in manufacturing. Thus if a thin film 
30 transistor in one of the LCD pixels or cells is 

defective, the entire display is useless and must be £ 
discarded. Because of yield problems, redundant 
transistors are implemented. However, adding more thin if- 
film transistors further reduces the light transmitting 
35 portion of the pixel and is undesirable. For a display 
with many pixels, the reduction in area is considerable. 



wo 93/13514 



PCr/US92/l0925 



For example, for a 4B0 by 240 pixel display, 480x240x3 
transistors must be used even without any refiunduncy in 
transistors. If redundunt transistors are included, 
such as by using two transistors for each, color in a 
pixel, 480x240x3x2 transistors must be used. 

For the reasons above, it is difficult to use 
the above-described conventional designs to achieve 
efficient color LCD displays of high brightness, good 
color and high resolution. This is particularly the 
case for large displays. It is therefore desirable to 
provide an alternative design for color LCD displays 
which are inexpensive and where the above-described 
difficulties are avoided or alleviated. 

SDMMARY OF THE INVENTION 
Thiis invention is based on the observation that 
the above-described difficulties of conventional color 
LCDs can be alleviated or avoided altogether by Using an 
electronic fluorescent device (EFD) as the back light 
source in place of a white light source with filters. 
The flat panel color display apparatus of this invention 
comprises a layer of liquid crystal material, means for 
addressing locations on said layer to cause said layer 
to modulate the intensity of light transmitted through 
said layer at selected locations, and a back light 
source for supplying light towards the liquid crystal 
layer. The back light source comprises a housing 
defining therein a vacuum chamber, a plurality of 
cathodes disposed in the chamber, means for causing the 
cathodes to emit electrons and an anode in the chamber. 
The source further includes control means in the chamber 
for causing the electrons emitted by the cathodes to 
travel towards the anode at selected locations, and 
means disposed in the chamber at or near the anode and 
responsive to said electrons for generating and 
directing light toward the layer of liquid crystal 
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material. 

Another aspect of the invention is directed 
toward an image display device for displaying images ♦ 
when viewed in a viewing direction. The image display 
5 device includes a substantially flat ftont end unit •* 
continuing the matrix of independently controllable 
light shutters, each shutter having an area cind front 
and control means for addressing and controlling the 
light shutters to control passage of light through a 
10 portion of the area of each light shutter in the front 
end unit, said portion defining a light shutter area. 
The device also has a substantially flat back end unit 
containing a multitude of sub-sections ^ each sub-section 
corresponding to a group of light shutters for image 
15 display. The device further includes back end control 
means for controlling each sub-sectioti independently 
from the remaining sub-sections to cause each sub- 
section to generate light ptases of one or more colors 
from at least one portion of its area, said portion 
20 defining a light emitting area, directed toward the 
corresponding group of light shutters in the front end 
unit. The front and back control means cause the light 
pulse from at least one sub-section to be synchronized 
with the passage of light through the corresponding 
25 group of light shutters in the front end unit. 

Still another aspect of the invention is 
directed towards a method for addressing an image 
display device, where the device includes a substanti- 
ally front end unit containing rows and columns of 
30 independently controllable light shutters forming a two- 
dimensional array. The shutters change the transmit- 
tance characteristic in response to a signal. Th& 
shutters require a predetermined response time period ^ 
after the application of a signal thereto before light 
35 transmitted therethrough approaches a predetermined 
value. The device also has a substantially flat back 
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end unit for generating light pulses of one or more 
colors, directed towards the front end unit for 
displaying images when viewed from a viewing direction 
from the front end unit . The front end unit comprises 
5 a multitude of sub-sections, such that light from each 
sub-section is directed to a predeteriained numher of 
rovs or columns of the light shutters for image display. 
The light, shutters in the determined niJUDOier of rows or 
colijmns define corresponding light shutters of the sub- 

10 section- The method of this aspect of the invention 
comprises applying scanning signals to the rows or 
columns of light shutters in the array to change the 
light transmittance through such shutters in the rows 
and coluntts. A scanning cycle is defined as the time 

15 period required for Scanning signals to be applied once 
to all rows or columns of light shutters. The methcHi 
also includes the step of causing th6 sxib-sections of 
the back end unit to emit light periodically directed 
towards the corresponding light shutters so that the 

20 light is directed from each sub-section to corresponding 
light shutters at a time delay after scanning signals 
have been applied to said corresponding light shutters, 
said time delay being substantially equal to or larger 
than the response time periods of the shutters. 



25 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a cross-sectional view of a portion 
of a passive matrix electronic fluorescent LCD to 
illustrate an embodiment of the invention. 

Fig. 2 is a block diagram of an electronic 
30 control system for applying various voltages and signals 
to the device of Fig. 1 to illustrate the invention. 

Fig, 3 is a schematic view of a portion of an 
active matrix conventional LCD device. 

Fig. 4 is a schematic view of a portion of an 
35 active matrix electronic fluorescent LCD device to 
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illtistxa-te an embodiment- of the invention. 

Fig- 5 is a cross-sectional view of an 
electronic fluorescent LCD device to illustrate further 
features of the invention. 
5 Fig. 6 is a schematic view showing electrical 

connections between the grid electrodes of an EFO for 
addressing different phosjphor strips that correspond to 
M pixel arrays to illustrate the invention. 

Fig. 7 is a cross -sectional view of a portion 
10 of an electronic fluorescent LCD device ea^loying cone- 
shaped field electron emitting cathode structures to 
illustrate another embodiment of the invention. 

Fig. a is a perspective view^ of the top 
surfaces of the gates and the tip portions of the 
15 cathodes of the electronic fluorescent IjCD device of 
Fig. 7. 

Fig. 9 is a cross -sectional view of a portion 
of the electronic fluorescent JjCO device of Figs. 7 and 

iB. 

20 Fig. 10 is a timing diagram illustrating the 

adciressing and control signals applied by an address and 
control system such as that of Fig. 2 to an analog 
gradation electronic fluoresceht LCD device to 
illustrate the invention. 
25 Fig. 11 is a block diagram of a control system 

for operating an analog gray scale electronic 
fluorescent LCD to illustrate the invention. 

Fig, 12 is a timing diagram of control signals 
and the transmittance of the LCD to illustrate a digitsil 
30 gtay scale electronic fluorescent LCD to illustrate the 
invention- 
Fig. 13 is a timing diagram of control signals 
for electronic fluorescent LCD device to illustrate in 
more detail the scheme of Fig. 12 for generating digital 
35 gray tone values. 

Fig. 14 is a timing diagram of control signals 
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to illustrate alternative scheBes to that of Figs. 12, 
13 for implementing digital gray tone values. 

Fig. . 15 is a schematic circuit diagram 
illustrating a control circuit for generating the 
5 control signals of Figs. 12, 13. 

Fig. 16 is a schematic view of a portion of an 
electronic fluorescent LCD device to illustrate an 
aspect of the invention for reducing crosstalk. 

Fig. 17 is a schematic view illustrating the 
10 effect of tuaming off early the data pulse; to the 
electronic fluorescent device in reducing crosstaUc. 

Fig. 18 is a cross-sectional view of an 
electronic fluorescent LCD to illustrate a mosaic type 
display. 

15 Fig. 19 is a perspective view of an EFLCD 

device to illustrate the invention. 

Fig. 20 is a timing diagram illustrating the 
operation of the device in Fig. 19. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

20 Fig. 1 is a cross -sectional view of the portion 

of an electronic fluorescent LCD (EFLCDJ to illustrate 
one etebodintent of the invention where the LCD device 
therein is the passive type with no devices contiguous 
to the LCD pixels or cells for driving the cells. As 

25 shown in Fig. 1, EFLCD 30 comprises the passive matrix 
LCD 32 and an electronic fluorescent device (EFD) 34. 
LCD 32 is a black/white LCD without color filters and 
EFD 34 emits substantially monochromatic light or light 
of different colors as a back light source. The 

30 addressing and control systems for addressing and 
controlling LCD 32 and EFD 34 are synchronized so that, 
where EFD emits light of different colors, the 
combination of the devices of 32 and 34 turn an 
originally black/white LCD 32 into a high brightness and 

35 efficient multi-color or full-color display with good 



color. While in the preferred embodiment, EFD 34 emits 
light of umltiple colors, sucJi a@ red, blue and green 
light, it will be understood that EFD 34 may also be 
jnonocbromatic . 

In Fig» 1, LCD 32 may be a black and wMte 
digital LCD, or a single-matrix or multi-matrix passive 
I.CDr HT an active matrix LCD with thin film transistors 
(TFT) but can also be a digital modulation or analog 
modulation LCD. When combined with an electronic 
fluorescent back lighting source 34, the combination can 
achieve many different display functions. 

LCD 32 comprises polarizers 42, 44, face plate 
46 and back plate 48, and two groups of preferably 
mutually perpendicular x, y electrodes 54 , 52 
respectively, a layer of liquid crystal material 5S, and 
side sealing walls 58. As in conventional LCDs, the row 
or X electrodes are elongated and form a substantially 
coplanar array where the electrodes are preferably 
substantially parallel to one another. The y or column 
electrodes 52 are similarly elongated and form a 
substsuitially copdanar array of preferably substantially 
parallel electrodes. Thus each column electrode 
overlaps each of the row electrodes, where the 
overlapping sguare or rectangiilar area of a row 
electrode and a column electrode defines a pixel of LCD 
32 and of the EFLCD 30. Thus the pixels of EFLCD form 
an array with linear rows of pixels parallel to and 
aligned with the array of row electrodes 54. While in 
the description above in reference to Fig, 1, the row 
electrodes 54 are the scanning electrodes, it will be 
understood that the column electrodes 52 may be used for 
scanning, in which case the array of corresponding 
pixels will be scanned column by colximn instead. All 
such variations are within the scope of the invention. 
As described in detail below, scanning signals are 
applied to the row electrodes 54 and data signals are 
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applied to the colirain elec±rodes 52 where the scanning 
and data signals together control the transmission rate 
of each pixel of the light passing therethrough. The 
above-described structure and operation of LCD 32 i» 
5 that of a passivie, simple matrix type conventional LCD. 

In the embodiment of Fig. 1, EFD 34 is a full- 
color electronic fluorescent back light (EFBL) source 
■which provides red, green and blue luminescence. EFD 34 
comprises a bacdc plate 72 and a face plate 74, anode 76 

10 on the internal surface of back plate 72 , and elgonated 
red, green and blue primary color phosphor strips 78 bn 
the anode. Back plate 72, face plate 74 and side plate 
82 form a housing which enclose therein a sealed chamber 
84 which is evacuated. Disposed in vacuum chamber 84 is 

15 a first set of grid electrodes 86 a.nd a second group of 
grid electrodes 88, and cathodes Sd. 

Filaments of cathodes 90 may be the type that 
are provided with direct heating oxide coatings. In the 
embodiment of Fig. 1, when filaments 90 are heated by 

20 means of rated heating voltage, the filaments^ emit 
electrons. A voltage difference is applied between the 
cathodes 90 and anode 76 so that the electrons emitted 
by the cathodes will travel towards the aiiode. When 
these electrons impinge on the phosphor strips 78, the 

25 phosphor strips will respond by generating red, green or 
blue light. The surface of the anode facing the IiCD 32 
is highly light relf ective to increase the efficiency of 
the device. 

Three types of phosphor strips are ^miployed: 
30 the first type generates red light, the second type 
green light, and the third type blue light, in response 
to electrons. The light generated by phosphor strips 78 
are transmitted across chamber 84 through face plate 74 
to the LCD 32. When selected pixels of LCD 32 are 
35 rendered light transmitting, the light emitted by the 
pho^hor strips 78 will be transmitted through such 



10 

pixels to display images of tlie required colors. Tt> 
achieve uniform back lighting intensity, it is 
preferable to employ denser narrow aanrays of phosphor 
strips 7S where the width of the individual strips are 
small compared to the widths of electrodes 52 or 54 of 
LCD 32. The outside surface and/ or inside surface (that 
is, the surface claser- and adjacent to vacuum chamher 
S4) are diffusion smrf aces to increase the uniformity of 
the back lighting intensity. 

To provide support to the face and back plates 
74, 71 against atmospheric pressure, spacers 92 are 
employed to provide sufficient mechanical strength to 
the housing of EED 34 and so that the face and bade 
plates can be made relatively thin even when they have 
large sujrface areas. In such manner, a flat panel color 
electronic fluorescent LCD 30 is provided where the 
total thickness of device 3 0 may be less than 2 cm. 

Preferably, to reduce any dark areas that may 
be visible on the display screen, spacers 92 are 
elongated members with a wedge-shaped cross-section with 
a thinner side 92a facing LCD 32 as shown in Fig-. 1. 
The two slanting- side surfaces 92b are highly reflective 
diffusing surfaces in order to reflect light impinging 
thereon towards the LCD 32, in order to further reduce 
any dark areas that may be visible through LCD 32, in 
order to achieve uniform intensity back lighting. 
Preferably, as shown in Fig. l, layer 94 is a 
transparent conductive film on the internal surface of 
face plate 74; conductive film 94 reduces any effect of 
extraneous electric and magnetic fields on the EFBL 34. 

LCD device 32 is addressed in a conventional 
manner. Typically, row electrodes 54 and the 
corresponding rows of pixels are scanned one at a time 
and sequentially, for example, from the top row towards 
the bottom row, until the bottom row is reached at which 
time the top to bottom scanning process is repeated. At 
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the same time, data signals are provided to coltmn 
electrodes 52, where the scanning signals to row 
electrodes 54 and data signals to colixmn electrodes 52 
tejgether would determine whether any particular pixel is 
5 rendered light transmitting or not as well as 
determining the transmission rate of the pixel as is 
known to those skilled in the art. For this reason, the 
detailed working mechanism of LCD 32 will not be 
elaborated herie* Since the LCD 30 is typically scanned 

10 one row electrode or one column electrode at a time, for 
improved efficiency, it may be desirable to provide back 
lighting only to the portion of the LCD which is being 
scanned^ For this reason, preferably the elongated 
phosphor strips 78 are arranged substantially parallel 

15 to the array of electrodes being scanned; in the case of 
Pig. 1, strips 78 are arranged parallel to the array of 
row electrodes 54 which are scanned one at a time from 
top to bottom. In Fig, 1, for example, during operation 
Of the device, the left edge of device 30 is rotated to 

20 become the top surface so that the leftmost row 
electrode 54 becomes the top electrode and the scanning 
proceeds from the top electrode downwards. 

For improved efficiency, durifag the scanning of 
the topmost four or five row electrodes 54 (that, is, the 

25 four or five near side wall 58, all shown in Fig. 1) , 
only the cathodes 90 and the grid electrodes between the 
side plate 82 and spacer 92 need to be used for 
generating back light. Thus the plurality of spacers 92 
may be provided in chamber 84 to divide the chamber into 

30 a number of subchambers. A control means described in 
detail below is then used for applying different 
voltages to the cathodes and the grid electrodes to 
cause the cathodes and grid electrodes in each 
subchamber to generate electrons so that only the 

35 phosphor strips disposed within the subchamber will emit 
light towards through the row electrodes 54 which are 
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being scanned at the same time. In this manner, the 
operation of device 30 is made more efficient. 
Moreover, the phosphor strips are arranged to alternate 
periodically in the repetitive, order (e.g. R, B, R, 
5 G, B, «..} as illustrated in the figures. 

Fig. 2 is a block diagram of a system 100 
illustra'blng one embodiment of the addressing and 
control system of the EFLCD device of this invention. 
For simplicity, identical components in the different 
10 figures of this application are referred to by the same 
numerals. The LCD 32 may be controlled via analog 
signals where the transmission rates of a number of 
selected pixels in a row of pixels being scanned are 
proportional tts the an^litudes of analog input signals. 
15 In such event, the LCD column drivers 102 are controlled 
directly by the analog input to generate the analog data 
signals applied to the column electrodes of LCD 32. In 
such case, the KFBIi. 34 would simply provide constant 
amplitude and fixed width red, green and blue pulses in 
20 synchronism with the LCD addressing to provide red, 
green and blue light of different gray tones that are 
transmitted through the LCD 32. Such analog addressing 
will be described in more detail below in reference to 
Figs. 10 and 11. 
25 Alternatively, each scanning cycle will be 

divided into three, six, nine, twelve, . . . , (increasing 
as multiples of three) segments, and during each segment 
of the scanning cycle, each pixel in the pixel row 
scanned is either entirely closed to light transmission 
30 or fully t\irned on for maximum light transmission. In 
synchronism therewith, the display control unit 104 then 
generates a fixed sequential pattejm of voltage pulses 
applied to the EFBL 34 for generating a fixed pattern of 
varying intensities of red, green and blue light pulses. 
35 Each segment of the scanning cycle of the LCD 32 
corresponds to each of the red, green and blue light 
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pulses. By selecting to pass or not to pass each of 
such pulses during each segment of the scanning cycle, 
different gray tone red, green and blue light 
transmission through the LCD 32 is accomplished- Such 
5 digital operation will be described below in reference 
to Figs. 12-15. 

In reference to Fig. 2, display control unit 
104 generates scanning pulses for driving the LCD row 
drivers 106 which in turn generate the scanning pulses 

10 for scanning the rows of electrodes LCD 32. Display 
control unit 104 also generates the RGB data jiulses 
which are fed to EFBL drivers 108 through RGB scanning 
unit 110, Where the scanning cycle is to be divided 
into a number of scanning segments, the input signal fed 

15 at 101 is converted by K/Ti converter 112 into a sequence 
of bits for controlling whether the pixels in the 
scanned pixel row should be on or off. Such sequence of 
bits are stored in the video memory 114 and are then fed 
to LCD column drivers 102 for contxolling turning on and 

20 off the pixels in the scanned pixel row in LCD 32. The 
operation of AD converter 112 and memory 114 are 
controlled by display control unit 104. The display 
control unit 104 also generates a stream of digital 
signals to RGB scanning unit 110 and EFBL drivers 108 

25 for generating fixed patterns of voltage signals for 
application to the cathodes and grid electrodes of the 
EFBL 34 for generating a selected one of a number of 
fixed patterns of red, green and blue light pulses. 

In the embodiment of Fig. 1, LCD 32 is a 

30 passive matrix device with no active devices implemented 
adjacent to the LCD layer 36 for driving the LCD pixels- 
As indicated above, passive matrix LCDr devices are slow. 
For this reason, active matrix LCD devices have been 
proposed such as those illustrated in Fig. 2^ As shown 

35 in Fig. 3, 150 is a schematic view of a portion of a 
conventional active matrix LCD where thin film 
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transistors 152 are implemented, contiguous to the pixels 
for driving^ the pixels. As can be seen from Fig. 3, 
since conventional color LCD devices en^loy filters 
which permit only one of either ted, gre^ or blue light 
5 to pass, these filters cannot overlap so that each 
individual pixel laust comprise subpixels each designated 
to transmit only red, green or blue light. For this 
reascMi, in order to produce a full range of multi-color 
or full-color images, eacii pixel must comprise at least 
10 three subpixels 154. These subpixels are typiceaiy 
sequentially addressed one row at a time at a relatively 
high frequency so that, to the eyes of an observer, all 
three colors are stably displayed* Where the subpixels 
are sufficiently small, the red, green and blue 
15 subpixels will appear to merge to give the uniform color 
of a particular color with gray tones^ 

In Fig. 3, the x bijs carries scanning signals 
for scanning rows of subpixels and the y bus carries 
data signals which together with the scanning signals 
20 modulate the transmission rate of each pixel. As can be 
observed from Fig., 3, in order to address the three 
subpixels of each pixel Indiiiridually, a significant 
percentage of the display area is occupied by tbe x and 
y buses. If thin film, transistors sudh as transistors 
25 1S2 are employed to speed up the LCD, additional areas 
of the LCD display screen will be occupied by these 
transistors, thereby further reducing the percentage of 
the displ^iy screen which can transmit light. As noted 
above, because of yield problems, sometimes two thin 
30 f ilat transistors are employed for each subpixel; in suc±, 
event, even a larger percentage of the area of LCD 
display screen is occupied by opaque circuit elements. 
For the above reasons, conventional color LCD does not 
provide images of good brightness and is inefficient, 
35 Fig. 4 is a schematic view of a portion of an 

active matrix color LCD device to illustrate this 
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invention. In contrast to the conventional device 150, 
in device 170 t>f this invention, no color filters are 
employed and each pixel is used to transmit all colprs 
of the back light eoiarce. Thus if the hack light source 
5 emits red, green and blue light, each pixel such as 
pixels 172 will all transmit red, green and blue light 
throughout their entire areas. The back light source 
may be caused to emit sequentially red, green and blue 
light at a sufficiently high frequency so that to an 

10 observer, a multi-color or full-color image will be 
observed. To achieve the sane restilutioti as 
conventional device 150, the pixels 172 may each be 
three times larger than the subpixels 154 of device 150 
so that pixels in device 150 are roughly of the same 

15 size as pixels 172. However, in comparison to device 
150, device 170 devotes much less percentage of its area 
to the X and the y buses than the y device 150 since 
only one set of. lines will be adequate to address each 
pixel 172 instead of three sets required for device 150. 

20 Alternatively, if the pixels 172 are made to be of the 
same size as subpixels 154 of device 150, device 170 can 
achieve three times the resolution of device 150 with 
the same overhead devoted to the x and y buses and to 
the thin film transistors, 

25 rig. 5 is a cross-sectional view of a portion 

of ah EFD 200 suitable for use in the EFLCD of this 
invention to illustrate the preferred embodiment of the 
invention. As noted above, the generation of electrons 
and the control of their passage to the phosphor strips 

30 are such as to cause the phosphor strips to generate 
red, green and blue light sequentially, but not all at 
the same time. For this purpose, it is desirable for 
the electrons generated to be directed only towards the 
phosphor strips that generate one of red, green or blue 

35 light and not at the same time directed towards phosphor 
strips that generate the other two kinds of light. As 



W095A3SI4 



PCrAJS92/10925 



16 

shown in rigs. 1 and 5^ the phosphor strips that 
generate only red light are labeled R, those that 
generate only green light laiaeled G, and those that 
generate only blue light labeled B. Thus the cathodes 
5 90 are heated by rated heating voltage from unit 104 
through EFBL drivers 108 to generate electrons 202. 

When red light is to be generated; appropriate 
voltages are then applied to the fixst set of grid 
electrodes 204 in Fig. 5 to thereby cause electrons 202 

10 to be directed only towards the phosphor strips R, and 
not towards the phosphor strips G, B. During the time 
interval during which green light is to be emitted by 
the EFD 200, the voltages applied to the grid electrodes 
204 should be such that the electrons should be directed 

15 only towards the phosphor strips labeled G. Tiie same is 
true during the time interval for generating blue light, 
during which the electrons are to be directed only 
towards the phosphor strips B. Typically, this can be 
arfiievad by applying a more positive voltage to the grid 

20 electrodes in the first set 204 that are aligned with 
and corrdspond to the appropriate set of phosphor strips 
and a more negative voltage to the reinaining grid 
electrodes in the first set. Thus as shown in Pig. 5^ 
eacih phosphor strip . has aligned with it and 

25 cojcresponding thereto ^ three grid electrodes in the 
first set 204, where the three corresponding electrodes 
are connected together by an electrical conductor 206 so 
that when the appropriate voltage is applied to one of 
the three grid electrodes, all three grid electrodes 

3p will bie at the same voltage. Such connection renders 
the voltage tiniform between the three grid electrodes 
corresponding to. a phosphor strip and improves the 
uniformity of the light emission of the EFD 200 and 
therefore the overall guality of the display using the 

35 EFD. So aligning the three coirresponding grid 
electrodes with their corresponding phosphor strip and 
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applying appropriate voltages reduce the number of 
electrons directed towards other phospbor strips, and 
also reduce the intensity of light of other colors 
generated unintentionally. Such feature therefore 
5 reduces crosstalk between adjacent phosphor strips and 
the extraneous light of other unwanted colors will be 
reduced. 

As noted above, spacers 92 divide chainber 84 
into a number of subc^anibers eq that light emitted, by 

10 phosphor strips will be transmitted only through the 
pixels in the pixel row and not towards the pixels that 
correspond to the phosphor strips in a different 
subchamber. Thus the light passing through the pixels 
in the scanned pixel row may originate from a numbef of 

15 different phosphor strips in the same subchamber. To 
further improve the uniformity of the display, it is 
desirable to provide substantially the same voltage to 
the grid electrodes in the subchamber that correspond to 
and align with each of the phosphor strips in the 

20 subchamber that generate light of the same color. Fig. 
6 is a schematic view illustrating a scheme of 
connections which is particularly useful to accomplish 
such purpose. As shown in Fig. 6, the first set of grid 
electrodes 204 are (divided into a number of subgroups of 

25 three grid electrodes each, where each subgroup is 
aligned with and correspond to a phosphor stiJip, where 
a subgroup corresponding to a phosphor strip for 
generating red light is labeled "R", the subgroup 
aligned with and corresponding to a phosphor strip for 

30 generating green light is labeled "6*, and a subgroup 
aligned with and corresponding to a phosphor strip for 
generating blue light is labeled "B". Each subchamber 
contains a number of phosphor strips and a corresponding 
number of subgroups of grid electrodes of three grid 

35 electrodes each. As shown in Fig. 6, all the subgroups 
labeled "R" are connected together by electrical 
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connector 212 and to a terminal I^. All the subgtoups 
laijeled "G" are connected together l>y a" electrical 
connector 214 to a terminal Gj. All the siibgroups 
labeled '»B" are; connected by an electrical connector 216 
5 to a teiminal B^. Therefore, by applying the 
appropriate voltage to the three terminals Ri, Gi, B^, 
the subgroups that are connected to the appropriate 
tenainal vill all be at the same voltage which improves 
the uniformity of the light intensity generated by 
10 phosphor strips of the same color within the same 
subchamber. 

As shown in Fig- 6, the EFLCD has a total 
number of M pixel arrays , corresponding to M row or 
column electrodes in the LCD. The M row or column 

15 electrodes, therefore correspond, to M pixel, arrays. The 
II row or column electrodes are divided into p groiqjs of 
n rows or columns each, wherein the phosphor strips (not 
shown in Fig. 6) are also divided into p groups, each 
aligned and corresponding with one of the p groups of 

20 row or column electrodes, where the grid electrodes for 
controlling electrons directed towards each of the p 
groups are controlled by signals applied tc the 
corresponding three terminals in the following sets of 
terminals: Ri, G^, Bi; Kj, <hr T^; Rp, G^, Bp- For 

25 example, as also shown in Fig. 6 , as for the sxibgroups 
of grid electrodes corresponding to the next group of 
pixel arrays or row or column electrodes (n+l) through 
(2n+l) , again all the subgroups of grid electrodes 
corresponding to phosphor strips for eonitting light of 

30 the same color are connected by electrical connectors to 
the same terminals Rjf same is true for 

all the remaining subgroups of the grid electrodes 
corresponding to the p groups of phosphor strips. Thus 
when a pix6l array corresponding to a row or column 

35 electrode in the first of the p groups is addressed, 
appropriate voltages are applied sequentially to the 
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terminals Rj, Gj, and Bj to generate the desired back 
light for displaying a monochromatic, multi-color, or 
full-color image. When a pixel array corresponding to 
a row or column electrode in a different one of the p 
5 groups is addressed, then the terminals connected to the 
subgroups of grid electrodes for addressing sucli 
particuleu: group of row or coluinn electrodea are 
addressed in the same manner for supplying the 
appropriate back light. 

10 The above-described system for generating 

electrodes employs heated filaments. toother type of 
system for generating electrons is known as field 
emission cathodes or cold cathodes, such as the Kicrotip 
structure first introduced by Spindt in the Journal of 

15 Applied Physics, Vol. 47, No. 12, p. 5248. Attached 
also is a Technical Note 1, October 1990 from the 
Coloray Display Corp. , entitled "Field Emission Display 
TechiKJlogy Review." A cross-sectional view of EFBL 
device 250 is shown in Fig. 7- As shown in Fig. 7, 

20 instead of using elongated filaments that are heated, 
the Hicrotip cold cathode structures are cone-shaped 
structures 252 with apices 252a which emits electrons 
which can then be accelerated by the voltage difference 
between the cathodes and the anodes and controlled by 

25 grid structures 254. The cone-shaped cathodes may be 
located on the conductive substrate 256 and the cone 
structures 252 are located within holes 260 in 
electrically insulating layer 262. 

Pig. 8 is a perspective view of the grid 

30 ■ electrodes 254 and the tips 252a of the cathodes, where 
the grid electrode for directing the electrons towards 
a phosphor strip for generating red light is labeled R' , 
and so on. Fig. 9 is a cross -sectional view of an EFLCD 
employing the EFD 250 of Fig. 7. For simplicity, some 

35 of the layers have been omitted from Fig. 9, it being 
understood that the presence of such omitted layers may 
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be desiraiale to improve tiie performance of the device. 
Ike surface of grid electrodes , 254 are highly light 
reflective so as to r^lect light towards the LCD 32 to 
increase efficiency of the device. 
5 As shown in Pigs. 1 and 5, a second group of 

grid electrodes 88 is employed. Substantially the same 
voltage is applied to all the grid electrodes in the 
second set 8S to evenly distribute the electrons 
generat&a hy cathodes 90 throughout the lateral extent 

10 of the suhchainbelr between spacer 92 and side plate 82 
This imiaroves the uniformity of the display. It will be 
understood, however, that if desired, this second set 88 
of grid electrodes may be omitted, particularly if the 
thickness of the EPD is to be reduced. In Fig. 9 , 

15 however-, since the second set 88' of electrodes are 
closer to phosphor strips 78 than electrodes 254, set 
88' is used instead of set 254 for controlling the paths 
of electrons and to direct them only to the strips whose 
light eimssion is desired at any particular time. 

20 Pigs. 10 and 11 illustrate an analog EPiiCD 

where the transmission, rate of the 3^CD therein is 
proportional to analog input signals. Xn reference to 
Figs, 2, 10 and 11, display control unit 104 applies 
pulses 301 eacdi composed of a reset component and a 

25 scanning component periodically, inlcuding at times t^, 
ta2 and %a as shown in Fig. 10. These reset and scanning 
pulses 301 are applied to LCD 32 by LCD row controllers 
106 as controlled by unit 104. In response to the 
analog input 101, LCD colmm drivers 102 apply three 

30 sequential pulses t^^, to,, and labeled 302 in Fig- 
10. To synchronize the timing of pulses 301, 302, a 
synchronisation signal SYNC is applied to unit 104. In 
response to pulses 301, 302, the transmission rate of a 
selected pixel addressed by pulses 301, 302 is shown as 

35 curve 304 in Fig- 10. As shown in Fig. 10, the steady 
transmission rate {the level of the plateau such as at 
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a, b, c) in curve 304 is proportional to the amplitude 
of pulses 302. In synchronism therewith, EFBL 34 
generates red, green and blue pulses of constant width 
and amplitude during the tijse period at which the 
transmission rate of the selected pixel is substantially 
constant. 

LCDs are relatively slow devices. As seen in 
Fig. 10, the LCD requires a certain time period after 
the application of pulses 301, 302 before its 
transmission rate reaches a certain constant level. Tor 
this reason, it is desirable to cause the EFBL 34 to 
generate light of the appropriate color at a selected 
time ti, after the application of pulses 301, 302 so that 
the back light is generated only when the transmission 
rate of the selected pixel has reached maximum level. 
This improves the efficiency of the EFLCD. In one 
embodiment, the electrons destined for the strips from 
the corf espofnding subgroup of grid electrodes are not 
directed towards the strips until the transmission rate 
304 of the selected pixels reach 50*. Since ti, is a 
constant for any LCD, any LCD 32 used can be tested to 
determine the time tj, and the timing for application of 
voltages is adjusted so that the timing of pulses 303 of 
red, green and blue light is adjusted accordingly 
through unit 104, 

Fig. 11 is a schematic circuit diagram 
illustrating in some detail a circuit for generating 
pulses 302. Display control unit 104 generates scanning 
pulses 301 in response to the synchronization signal 
SYNC. LCD column drivers 102 derive data pulses 302 in 
response to reference pulses 312 as shown in l^ig. ll, 
said reference pulses being synchronized with scanning 
pulses 301. Pirst, the reference pulse is delayed by a 
delay 314 by a time period Td which should l>e the same 
as ti, of Fig. 10. Pul&e generator 316 then generates a 
corresponding pulse 318 which is similar to pulse 312 in 
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shape but delayed relative to it by the time period Td 
(i.e., tii. Such pulse 318 is applied to AND-gates 320, 
322, 324. Color selection signals R, G, B are also 
applied to the remaining inputs of the AHD-gates so that 
5 when a particular color is desired, the corresponding 
AND gate is enabled. "Che out^jut of the AND-gate enabled 
drives the corresponding one of tliree amplifiers 330, 
332, 334. The gains of the amplifiers are controlled by 
a gain control signal applied to the gate of a FEI 336. 

10 The outputs of the asinplifiers 330, 332, 334 are pulses 
302. The gain control signal is derived from input 101 
by the column drivers 102 in Fig. 2 in a conventional 
manner so that it will not be elaborated here- It will 
be noted in Fig. 10 that the pulses 303 are turned off 

15 during the time period tp before the nesct scanning 
pulse. Thxs reduces crosstalk in a manner described 
below. 

Figs. 12-15 illustrate another addressing and 
control scheme for generating various gray tones of red, 

20 green and blue to form a multi-color or full-color 
display in an EFLCD to illustrate another embodiment of 
the invention. In rerefence to Figs. 2 and 13, display 
control unit 104 of Fig. 2 generates a fixed pattiem of 
red, green and blue pulses 352 illustrated in Fig. 13* 

25 As shown in Fig. 13, pulses 352 are composed of a red 
light pulse followed by another red light pulse of twice 
the width which is followed by a green pulse of the same 
width as the first red pulse and another green pulse of 
twice the width as the first green pulse, where the last 

30 green pulse is followed by a blue pulse of the saae 
width as the shorter red and green pulses and is in turn 
followed by a blue pulse of twice its width. This 
pattern then is repeated indefinitely. Display unit 104 
may cause this to happen by applying appropriate 

35 voltages to the appropriate group (86, 204, 88') of grid 
electrodes. 



wo 93/13514 



PCr/US92/10925 



23 

However, light pulses 352 will not ie visible 
through the LCD 32 unless the particular pixels scanned 
do transmit light. In Fig. 13, each scanning cycle is 
divided into six segments, where during eacdi segment, 
5 the selected pixel is either completely turned off so 
that it is opaque to light or it is fully turned on so 
as to transmit light at the maximum level. Each segment 
. corresponds in timing to one of the six pulses 352. 
Olhus depending on whether during such segment of the 

10 scanning cycle, the pixel being scanned is rendered 
light transmitting or not, the corresponding light pulse 
352 will either be transmitted or blocked* 

In Fig. 13, during the first, third and sixth 
segments of the scanning cycle, the selected pixel ie 

15 rendered light transmitting to transmit three light 
pulses (IR, IG and 2B) to transmit light of a color of 
R:e:B ratio 1:1:2 (a blue-shaded gray). Tlhua by 
choosing to transmit or not transmit each one of the six 
pulses, a number of colors and color combinations can be 

20 generated. 

Thus in Fig. 13, during the first, third and 
sixth segments of the scanning cycle, data stored on ttie 
LCD electrode is a "l" while during the second, fourth 
and fifth segments, the data stored on the LCD electrode 

25 is a "0," as illustrated by the square signal 354 in 
Fig. 13. Such signal is produced by column drivers 102 
in response to the digitized input signal through 
converter 112 and memory 114, and is applied to LCD 32 . 
The curve 356 for the transmittance of the LCD 32 in 

30 response to data 354 is also illustrated in Fig. 13. 
The light pulses that are transmitted through the LCD 32 
is illustrated by pulses 358. 

From the above Illustration in reference to 
Fig. 13, it will be noted that each of the red, green 

35 and blue colors may be selected in four different 
intensities of brightness (0 to 3) . In other words, the 
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gray tones for each of the colors may. be represented by- 
two bits. In order to provide an 3 bit gray tone for 
eadi color, the EFBL color pulse light 352 should 
instead comprise nine pulses (IR, 2R, 4R; IG, 2G, 4G; 
5 IB, 2B, 4B) . The scanning cycle should then be divided 
into nine segments instead of six. If four bit gray 
tones are desiredr the EFBL color pulse lights 352 
should comprise indefinite repetitions of twelve pulses 
flR, 2R, 4R, 8R; IG, 2G, 4S, 8G; IB, 2B, 4B, 8B) and the 

10 scanning cycle should be divided into twelve cycles, 
Thus in general, the number of pulses and the number of 
segments in the scanning cycle are equal to three times 
the number of bit gray tone values desired. 

Fig. 14 illustrates an alternative scheme to 

15 Fig. 13 in essentially the same addressing and control 
system. In Fig, 13, the gray tone values in pulses 352 
are obtained by varying light pulse widths where the 
pulses are of constant amplitude. Instead of varying 
the pxtlse widths, the light pulse amplitudes may be 

20 varied instead as illustrated by pulses 360 in Fig. 14 » 
Thus pulses 360 have constant widths; however, their 
amplitudes vary. Therefore, instead of providing pulses 
352 as described above, display control unit 104, RGB 
scanning lid, and EFBL drivers los may cause EFBL 34 to 

25 emit light pulses 360 instead arid the above description 
in reference to Fig. 13 still applies for creation of 
various gray tones of red, green and blue. 

Fig. 12 illustrates the relative timing of the 
LCD scanning or deference pulses 312, the EFBL pulses 

30 352, and the LCD transmittance 356. As in the case of 
an analog LCD illustrated in Fig. 10, it is desirable to 
delay the generation of the EFBL light pulses 352 tmtil 
the time when the transmittance of the LCD 356 is at its 
maximum. The EFD device 34 and 250 of this application 
35 generate bac3c lighting pulses of brightness of over 
about 100,000 cd/m^, so that even narrow pulses whose 
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widths are small compared to the duration of the 
scanning cycle produce images of adequate brightness. 
For this reason, the efficiency of the display can be 
vastly improved by providing light from the ErLCD only 
through a small percentage of the scanning cycle. 

in Fig. 12, t' is the tine at which a scanning 
cycle ends so that the next scanning cycle is for 
scanning the next row of pixels. From the shape of the 
curve 356, it loay appear that it will be desirable to 
delay pulse 352a until it is almost at the end of the 
scanning cycle, which is just before time t', at which 
time the LCD transmittance is maximum. However, doing 
so would cause undesirable crosstalk between the pixel 
row presently addressed and the adjacent pixel rows 
which have just been addressed immediately before tojne 
t* , where the color or light intensities change at tine 
t'. This aspect is illustrated in Figs. 16 and 17. 

Fig. 16 is a schematic diagram of a subchamber 
380 of EFD 34- AS noted above, spacers 92 would be 
effective in reducing or even preventing crossta]Jc 
between light generated from phosphor strips within one 
subchamber and the LCD pixels corresponding to a 
different subchamber. The feature of the invention 
illustrated in Figs. 16, 17 further reduces crosstalk 
between pixel rows corresponding to phosphor strips 
within the same subchamber. Again there are a total of 
M row electrodes corresponding to M pixel rows, where 
the M pixel rows are divided into p groups of n each 
within each subchamber. Subchamber 380 of Fig. 16 
illustrates one of such subchambers. As shown in Fig. 
16, each of the n pixel rows is represented by a square 
box labeled by one of the numbers: 1, 2, 3, ... i-1, 1, 
i+1, i+2,.., n. The scanning direction is froaa 1 
towards n. 

The quantity Td (Fig. 12) is the delay between 
the scanning pulse for the ith row in Fig. 16 and the 
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time at wliicli pulse, light generated l>y EFBL is fired to 
transmit light through the ith row. During one scanning 
field cycle beginning with the scanning pulse for the 
ith row, data will be fed sequentially into the i+lth 
5 row nth row, row 1 row i-1, where towards the 

end of the field cycle, row i-1 will also have been fed 
data to open the selected pixels din such rows. 
Therefore, in the extreme case illustrated in Fig- 16, 
where rows 1 through i-1 are holding data for color B 

10 and rows i through n are holding data for color A, if 
the firing of the pulse light of EFBL is delayed until 
the end of the field cycle, the pulse light will be 
transmitted through one or more of the previously- 
addressed rows i-1, i-2, where the ntmiber of rows 

15 affected depends on the viewing anglie of the liquid 
crystal material and the spacing between the JjCD layer 
and the phosphor layer in the EFLOS. Thus in order to 
reduce such crosstalk, it will be desirable for the EFBL 
to have finished emitting the light puLse {falling edge 

20 of light intensity) at the latest at a time before 
the end of the field cycle vb&c& Ti, is given by Icd.tan0, 
where d is the spacing between, the LCD layer emd the 
phosphor layer, being the viewing angle of the liguid 
crystal material, and 3c being a predetermined constant 

25 proportional to the scanning speed of the LCD In the 
EiPLCD. Such configuration is illustrated in the 
schematic diagram of Fig. 7D. 

The above-described EFLCD device may be used in 
many applications. For example, it may be used for 

30 generating alphanumeric digital displays to displays 
numbers, language characters or letters, and graphics. 
It can also be used to emit different color light as a 
function of the amplitude of an input signal such as 
speed. For example, when the EFLCD is used in a 

35 speedometer, at low speed, blue light is displayed. As 
the speed increases, the color of light emitted by the 
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EFLCD changes from blue to bluisli green to green, and 
then to yellowish green and yellow. When the speed is 
such as to require a user or driver to be warned, the 
light emitted changes color to orange. Vfhen tiie speed 
5 is in the danger zone, the color of the light emitted by 
the EFLCD becomes red, which may be emitted 
intermittently as a flashing red light as warning to 
users, drivers or other observers. The above-described 
scheme is particularly useful at a control center with 

XO many instrument panel displays. Thus if the large 
number of systems controlled by the control center are 
functioning properly, the light emitted by the EFLCD 
devices used in the display panels vould all display 
green light. If one particular system deviates from 

IS normal operation, the EFLCD in the display panel for 
controlling such system may be used to display orange 
light. If the abnormality reaches into the danger zone, 
the EFLCD in the display panel for such system displays 
red light. Thus if one of many subsystems is not 

20 functioning properly, by displaying orange or red light 
amongst a large number of green light displays, improper 
functioning of systems can be easily discovered, and 
measures can be taken to remedy the situation. The 
particular sequence desired can be easily accomplished 

25 using software control in either the analog or digital 
manner described iabove. Such implementation is believed 
to be easily accomplished by those skilled in the art 
and would not be elaborated here. It will be evident in- 
the above-described color transitions, that not the 

30 entire sequence is necessary and that some of the colors 
such as blue, bluish green or yellowish green may be 
omitted if desired. One may simply base the choice of 
colors on the fact that in the traffic light convention 
accepted all over the world today, green usually means 

35 that it is safe to proceed, yellow being a warning 
signal, and that red usually means danger. 



wo 93/13514 



PCr/US92/10925 



28 

Fig. 18 is a cross-sectional view of a portion 
of one of many panels arranged in an array of a flat 
mosaic color display apparatus. Each of such panels is 
essentially similar in construction to the EFLCD device 
5 described above. The LCD in the above-described EFLCD 
device may employ zone scanning. For example, each 
group of grid electrodes within a subchamber confined 
between spacers or between the spacers, and the sidewall 
may be independently scanned relative to other groups of 

10 grid electrodes. For tliis reason, the LCD employed does 
not need high switching speeds to display high 
resolution video images. As indicated above, the 
surface of the anode 76 facing the LCD may be. made of a 
high reflection coefficient material, such as alluminTm 

15 film. 

One common problem in mosaic type displays the 
darfc lines or areas between adjacent panels in the panel 
array from which the mosaic display is constructed. To 
reduce such dark lines or areas, the electrical 

20 conductors 402 for connecting a control system such as 
system 100 of Fig. 2 to panel 400 may be employed on the 
outside surface of the sides of the panel 400 extending 
towards the back plate 72 of the EFD device 34', The 
side walls 404, 406 are thinner compared to those of 

25 EFLCD 30 of Fig. 1. Aside from such differences, LCD 
32' and EFD 34' are essentially the same as LCD 32 and 
EFD 34 of Fig. 1. With such construction, the dark 
areas caiised by the side walls 404, 406 and conductors 
402 are minimized. The sidewall 404 has a thickness of 

30 less than about 5 mm. As in device 30, the sidewalls 
and spacers employed in EFD 34' are slanted or tapered 
and have diffusive reflection surfaces facing the LCD 
32' so as to further reduce any dark areas between 
panels > With such construction, a high resolution, the 

35 efficient mosaic flat panel monochromatic, multi-color 
or full-color display is provided. 
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A simplified timing sequence and waveform for 
various information are illustrated in Fig. 20- Such 
sequence and waveform are generated by control circuits 
CC and CC" of Fig. 19. In Fig. 20, a TFT-LCD panel is 
5 assumed to be used as the front end unit, and the 
baciaighting unit is assumed to have four sub^sectiona ! 
1, 2, 3, 4, such as shown in Fig. 19. OJhB lines labeled 
as "TFT-Gate" refer to the gate control waveform of the 
TFTs in the LCD panel. Those lines labeled as "Ii.C.« 
10 refer to the optical response of the liquid crystal cell 
according to the data voltage stored in each pixel 
electrode in the TFT-LGD, Those lines labeled as »*B.L. " 
refer to the timing of backlighting pulses of various 
colors. 

15 The LCD switching process and the pulse 

generation timing of the back light are ^7ichrt>nized. 
The txBing relationship illustrates that while the LCD 
cells of some sub-sections are settling according to the 
data stored in the pixel, backlight pnlses from otJier 

20 sub-sections are flashed to other sections of LCD cells 
that has already settled. 

At time to a scanning pulse 5 is applied to the 
TFT Gate of sub-section 1 of Fig. 19. Subsequent to 
time to and prior to the beginning time tl of the next 

25 scanning cycle, similar scanning pulses 5', 5", 5'" are 
applied to TFT Gates of subsections 2, 3, and 4. At 
time tl another scanning pulse is applied to the TFT 
Gate of subsection 1. The scanning pulse applied to the 
TFT Gate of a subsection would cause the light shutters 

30 (in this case LCD) to change its light transmittance 
characteristic- The time period between tO and tl 
defines one scanning cycle during which scanning signals 
are applied once to all rows or columns of light 
shutters in the corresponding sub-sections. The LCD 

35 cells have a slow response time. As shown in Fig. 10, 
the response time of the LCD cell in subsection 1 is 
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such that it is not fully turned on until towards the 
middle of the scanning cycle between to cind tl. In 
order to maxiiaize the brightness of the display, the 
bacic light pulse 15 from siibsection 1 is applied almost 
5 at the end of the first scanning cycle, which is a green 
(G) light pulse. As shown in Fig. 10, this green light 
pulse is generated and directed toward the LCD cells in 
subsection 1, Trtien the LCD cells in this subsection are 
at the maximum light transmittance level. timing 
10 relationship between the scanning i)ulse applies to the 
TET eate of subsection 1 at time tO and the back light 
green pulse applied slightly before the time tl is 
illustrated by the arrow 10 between two pulses in Pig. 
1. 

15 By dividing the group of grid electrodes of the 

back end unit in sijbsections so that the four 
siibsections nay be controlled separately, it is possible 
to reduce the time delay otherwise required as 
illustrated below. 

20 A& explained above, the green light pulse 15 

correlates with the scanning pulse 5 in a predetermined 
timing relationship so as to maxiioize the brightness of 
the display. Similarly, after the sceinning pulse 5'" 
is applied to the TFT Gate of subsection 4 at a time 

25 much later in the scanning cycle that is closer to tl 
than to to, the LCD cells of subsection 4 have not 
settled or approached its maximmii transmittance until 
about halfway in the next scanning cycle between tl and 
t2. aSiis means that in order to maximize the 

SO iarightneiss, the back light pulse directed to the LCD 
cells in subsection 4 should not be generated until 
after the halfway point between tl and t2. 

If the back light pulse for all four 
subsections are to be generated simultaneously, for 

35 maximum display brightness, the back light pulse 
destined to the LCD cells of subsection 1 should not be 
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generated until after the halfway point between the next 
cycle tl to t2, or until the 3XD cells in all of the 
subsections, including those in subsection 4, are at 
their maximuia transmittance levels. If this is the 
5 case, the next scanning pulse destined to the TFT Gate 
of sub- section 1 should be delayed so that the LC3> cells 
in sub-section 1 would remain at its maxinuffi 
transmittance when sucdi back light pulses are genBrated 
for all four subsections. In other words, the 
10 addressing time required is substantially egual to the 
sum of the scanning cycle and the responise time of the 
LCD cells . 

By dividing the back end unit into subsectiotii? 
and addressing the different subsections in timing 

15 relationships as illustrated in Fig. 20 (i.e. generating 
at four different times the back light pulses directed 
to the LCD cells in the four siibsections, each back 
light pulse delayed in relation to the scanning pulse, 
for the . corresponding subsection), the addressing time 

20 is reduced to the larger one of the scanning «^cle and 
the response time of the LCD cells. While it la 
sufficient to delay the back lighting pulses for a time 
period substantially equal to the response time of the 
LCD cells or other light shutters, the back light pulses 

25 may be delayed for a time period longer than the 
response time of the light shutters whitdi is also within 
the scope of the invention. Obviously, when back light 
pulses are delayed for longer time periods, it will 
result in slower addressing of the device. 

30 By overlapping these LCD settling processes 

with the backlighting pulses as described above, a LCD 
front end unit with response time faster than about 5 iss 
can be used to produce high quality full color 
(red/green/blue) images with a refresh rate of 60 Hz or 
35 faster. This overlapping of operation is achieved 
through the subsection by subsection control of Gl, G2 
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electrodes and cathode elements CEs. 

While the invention has been described by 
reference to various embodiments, it will be iinderstood 
that various modifications may be made without departing 
5 from the scope of the invention whitdi is to be limited 
only by the appended claims. 
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WHAT IS CIAIMED IS: 

1. A flat panel display apparatus comprising: 
a layer of liquid crystal material; 

means for addressing locations on said layer to 
cause said layer to modulate the intensity of light 
S transmitted through said layer at selected locations; 
and 

a back light source comprisingj 

a housing defining therein a vacuum chamiber; 

a plurality ct cathodes disposed in the 

lO chamber; 

means for .c^iusing the cathodes to emit 
electrons; 

an anode in the chamber; 

control means in the chamber for causing the 
15 electrons emitted by the cathodes to travel towards the 
anode; and 

means disposed in the chamber at or near the 
anode and responsive to said electrons for generating 
and directing light towards the layer of liquid crystal 
20 material. 

2. The apparatus of claim 1, further 
comprising a casing for holding said layer and 
supporting said addressing means, said casing and 
housing being flat and connected to form a flat 

5 structure whose thickness is less than about 2 cm. 

3. The apparatus of claim 1, wherein said 
back lighting sotnrce is monochromatic, multi-color or 
full cblor^ said apparatus containing no colco: filter. 

4. The apparatus of claim 1, wherein said 
addressing means and said layer forms a portion of an 
alphanumeric display, a single-matrix, active-matrix oar 
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multi-matrix display. 

5. Ttxe apparatus of claim 1/ wherein said 
back lighting source has pulse brightness of oyer about 
100,000 cd/m^. 

6. The apparatus of claim 1, said addressing 
means including an array of row €?lectrodes and an array 
of cblunm. electrodes transverse to the row electrodes, 
and laeans for applying voltages to the two arrays of 

5 electrodes for selecting locations in the layer at which 
light is to be transmitted, wherein one or more row 
electrodes intersect one or more column electrodes , and 
wherein each area of intersection between a row 
electrode and a column electrode defines a piscel. 

7. The apparatus of claim 6, each pixel 
having an area, wherein when a pixel is rendered light 
transmitting, light is permitted to pass through the 
entire pixel area. 

8. The apparatus of claim 6, wherein said 
light generating and directing means generates and 
directs se(nientially red, blxie and green light towards 
each pixel, so that when any pixel is rendered light 

5 transmitting, red, blue or green light is permitted to 
pass through the entire pixel area to display multi- 
color or full color images, 

9. a3ie apparatus of claim 6, fmther 
comprising a plurality of thin film transistors for 
driving the row or column electrodes , wherein each pixel 
regaires no more than one transistor for driving an 

S electrode for addressing said pixel. 

10. The apparatus of claim 6, said pixels 
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forming linear arrays where eatdi pixel array is aligned 
with a corresponding row or cblumn electrode, said 
control means including at least a first set of grid 
5 electrodes siibstantiajly parallel to said row or ooliunh 
electrodes and to the corresponding pixel array. 

11. The apparatus of claiio 10, wherein said 
generating and directing means comprises phosphor strips 
that emit light in one of three colors, said colors 
including red, blue and green, towards the anode in 

5 response to electrons, said strips being siibstantially 
parallel to grid electrodes. 

12. The apparatus of claim 11, wherein said 
set of grid electrodes c^jmprises a plurality of subsets, 
of grid electrodes, each subset being aligned with and 
corresponding to a phosphor strip, said control means 

5 further comprising mear?s for applying a time sequence of 
predetermined voltages to said subsets of grid 
electrodes to direct electrons sequentially towards: 
phosphor strips that generate sequentially light of a 
first color, light of a second color, and then light of 
10 a third color. 

13- The apparatus ot claim 12, further 
comprising means for electrically connecting all the 
grid electrodes in each subset. 

14. The apparatus of claim 13, wherein each 
row or column (electrode is aligned with and corresponds 
to a plurality of phosphor strips, said apparatus 
further comprising means for electrically connecting all 
5 the subsets of grid electrodes aligned with and 
corresponding to a group of row or column electrodes and 
to phosphor strips that emit light of the same color. 
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15. The apparatus of claim 11, said strips 
being arranged in an array where strips for emitting 
light of the tbree colors alternate periodically. 

16. The apparatus of claim 10, said control 
means further comprising a second set of grid electrodes 
located between said first set of grid electrodes and 
the cathodes, and means for applying predetermined 
voltages thereto for improving the uniform distribution 
of electrons travelling towards the row or coluain 
electrodes* 

17. The apparatus of claia 10, said row 
electrodes being BvLbstantially parallel to one another 
and located substantially in a plane f oiming an array of 
rov electrodes and said, .colmin electrodes being 
substantially parallel to one euiother and located 
substantially in a plane forming an array of coltnon 
electrodes, wherein said voltage applying means applies 
such, voltages that selected pixels in a linear array of 
pixels along elongated portions of th.e liquid crystal 
layer aligned with one row or coluam electrode are 
rendered light transmitting one pixel array at a tiioe 
defining scanning of an array of pixels, and that linear 
pixel arrays aligned with, and corresponding to said row 
or column electrode arra:y in the array of electrodes are 
rendered sequentially light transmitting defining a 
scanning operation of the. apparatus. 

18. The apparatus of claim 17, wherein said 
generating and directing means comprises phosphor strips 
each of which emits light in one of a plurality of 
colors, said colors including red, blue and green^ 
towards the liquid crystal layer in response to 
electrons, said strips being substantially parallel to 
the arrays of pixels, and wherein a group of phosphor 



W0 93/135J4 ' PCrAJS92/10925 

37 

strips emitting light of said one color are aligned and 
correspond with a group of arrays of pixels. 

19. The apparatus of claim 18, said housing 
comprising a face plate facing the liquid crystal layer 
and a back plate, said two plates defining between them 
the chamber, said housing further comprising a plurality 

5 of elongated spacers between the two plates, dividing the 
chamber into a number of subchambers,^ said spacers 
located such that the phosphor strips aligned with and 
corresponding to a group of pixel arrays are contained 
within one subchamber, thereby reducing crosstalk 
10 between adjacent pixel arrays that are in different 
subchamber s. 

20. The apparatus of claim 19, wherein said 
spacers extend between the two plates to support the 
plates against atmospheric pressure, said spacers being 
wedge-shaped with thicker and thinner sides, their 

5 thinner sides being attached to the face plate to deduce 
any dark areas caused thereby. 

21. The apparatus of claim 19, said spacers 
having diffusive light reflecting surfaces to reduce any 
dark areas caused by the spacers. 

22. The apparatus of claim 18, said control 
means including a set of grid electrodes, said set 
divided into groups of grid electrodes with eatdi group 
corresponding to and aligned with a group of phosphor 

5 strips, and means for applying data electrical 
potentials to this groups of grid electrodes to cause the 
corresponding groups of phosphor strips to emit light, 
wherein during a cycle of the scanning operation, 

said voltage applying means applies LC scanning 
10 pulses to a selected electrode in the row or column 
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electrode array and LC data pulses to the electrodes in 
the remaining- electrode array to select pixels of the 
pixel array corresponding to said, one selected 
electrode, through which transmission of liglit is 

15 permitted, and 

said electrical potentials applying means 
applies EF data potential pulses to the group of grid 
electrodes corresponding to and aligned with saidl 
selected electrode for sequentially emitting light of 

20 one or more colors through said selected pixels in the 
pixel rotf, said EF data potential pulses being of 
predetermined time relationship with the scanning pulses 
for displaying monochroinatic, multi-color or full color 
data in said pixel row. 

23. The apparatus of claim 22, wherein, during 
the next cycle of the scanning operation, 

said voltage applying means applies additional 
I.C scanning pulses to the selected electrode adjacent to 
5 the electrode scanned in the previous cycle and LC data 
pulses to the remaining electrode array to select pixels 
of the corresponding next pixel array throu^i which 
transmission of light is permitted, and 

said electrical potentials applying means 

10 applies EF data potential pulses to the group of grid 
electrodes corresponding to and aligned with said next 
row electrode for sequentially emitting light of one or 
more colors through said selected pixels in the next- 
pixel array, said. EP data potential pulses being of 

15 predetermined time relationship with the additional 
scanning pulses for displaying monochromatic, multi- 
color or full color data in said next pixel array. 

24. The apparatus of claim 23, wherein the 
electrical potential applying means applies each EF data 
potential pulse at a first predetermined time delay 
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after the previous scanning LC pulse and at a second 
5 predetermined time period preceding the next IiC scanning 
pulse to reduce crosstalk. 

25. The apparatus of claim 24, wherein said 
second time period ie greater than kd(tanO), where d is 
the distance between the phosphor strips euid thfe liquid 
crystal layer, 0 the liquid crystal vievfing angle, and 

5 k a constant inversely proportinal to the scannihg 
speed. 

26. The apparatus of claim 24, wherein said 
first predetermined tims delay is such that the 
transmission rate of the selected pixels through which 
light transmission is permitted exceeds about 50% of 

5 maximum vhen each EF data potential pulse is applied. 

27. The apparatus of claim 23, wherein voltage 
applying means applies iC data pulses of an^litudea that 
vary With the required brightness of image, so that said 
apparatus is an analog gradation display LCD- 

28. The apparatus of claim 27, wherein said 
addressing means includes M row or column electrodes 
divided into p groups of n rows or columns each, wherein 
said phosphor strips are divided into p groups each 

5 aligned and corresponding with one of the p grot^s of 
row or column electrodes, wherein the voltage and 
potential applying means are such that when the voltages 
are applied to electrodes in a group, electrons destined 
for the strips of the corresponding group are not 
10 directed towards the strips until the transmission rate 
of the selected pixels corresponding to the selected 
group of row or column electrodes reach 50%. 

29. The apparatus of claim 28, further 
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comprising- means electrically . connecting taie igrid 
electrodes aligned and corresponding with a group of 
phosphor strips, said connected grid electrodes 
5 corresponds to such group of phosphor strips and the 
corresponding row or column electrodes, wherein the 
voltage and potential applying means are such thftt a 
time sequence of voltages aire applied to the groups of 
row or column electrodes and a coresponding tdma 
10 sequence of data potentials are applied to the 
corresponding group of grid electrodes to display 
monochromatic images of different tones, or multi-color 
or full-color images of different brightness, contrast 
and hue> 

30. The apparatus of claim 23, wherein said 
voltage applying means applies such voltages so that the 
pixels selected to transmit ight transmits light of 
substantially intensity, and wherein the data potential 
5 applying means varies the potentials applied to the grid 
electrodes so as to display monochromatic images of 
different tones, or multi-color or full- color images of 
different hrightness, contrast and hue. 

31- The apparatus of claim 30, wherein the 
data potential pulses are of substantially equal 
amplitudes but of varying widths. 

32. Th.B apparatus of claim 30, wherein the 
data potential pulses are of substantially equal widths 
but of varying amplitudes. 

33. The apparatus of claim 6, wherein said 
addressing means includes only one row bus connected to 
each row electrode and only one column bus connected to 
each column electrode. 
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34* The apparatus of claim 1, wherein said 
causing meaiis includes means for heating the cathocles. 

35. The apparatus of claim 34, wherein said 
cathodes include an array of elongated oxide coated 
filaments arranged substantially parallel to one 
another. 

36. The apparatus of claim 35, said pixels 
forming arrays including rows of pixels aligned with 
corresponding row electrodes and colurons of pixels 
corresponding to the column electrodes, said control 

5 means including at least oiie set of grid electrodfis 
suhstantially parallel to said row or coluion electrodes 
and to the filaments. 

37. The apparatus of clsim 1, said cathodes 
comprising cone-shaped field electron emitting 
structures, said contrbi means including at least one 
set of grid electrodes substantially parallel to said 

5 row or column electrodes, wherein said grid electrodes 
define holes therein, said cone-shaped cathodes being 
located in said holes with their tips exposed for 
emitting electrons. 

38. The apparatus of claim 1, said anode being 
located between the cathodes and the liquid crystal 
layer, said anode being substantially transparent, 
wherein said grid electrodes have light reflecting 

5 surfaces facing the layer for reflecting light towards 
the layer. 

39. The apparatus of claim 1, said cathodes 
being located between the anode and the liguid crystal 
layer, said anode having a light reflecting surface 
facing the layer for reflecting light towards the layer. 
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40. The apparatus of claim 1, said housing 
having a face plate adiacent to the liquid crystal layer 
so that light emitted by the generating and directing 
means passes through said face plate before it travels 

5 to the layer, said face plate having an internal surface 
in the chamber and an external surface outside ■tb& 
chamber, wherein the internal or external surface or 
both surfaces are light diffusive to evenly distribute 
light transmitted from the back lighting source to the 
10 layer. 

41. A flat panel mosaic color display 
apparatus conqprising a plurality of panels, each panel 
including-; 

a layer of liquid crystal material; 
5 means for addressing locations on said layer to 

permit said layer to modulate the intensity of light 
transmitted through said layer at selected locations; . 
and 

a bac^ light; 

10 a housing defining therein a vacuum chamber; 

a plurality of cathodes disposed in the 

chamber; 

means for causing the cathodes to emit 
electrons; 
15 an anode in the chamber; 

control means in the chamber for causing the 
electrons emitted by the cathodes to travel towards the 
anode; and 

means disposed in the chamber at or near the 
20 anode and responsive to said electrons for generating 
and directing light towards the layer of liquid crystal 
material. 

42. The appairatTis of claim 41, further 
including a casing for holding said layer and supporting 
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said addressing means, said casing having a side wall of 
thickness less than about 5 mm. 

43. The apparatus of claim 41, said housing 
and casing having contiguous side wails with an external 
surfaces, and said housing having a back plate, said 
apparatus further conpirisihg electrical connections oh 
said eirtemal surfaces and said back platie. 

44. The apparatus of claim 4l, said housing 
having side wall with an internal slanting stirface 
partly facing said liquid crystal layer, said surface 
being light reflecting, 

45^ The apparatus of claim 41, said addressing 
means including an array of row electrodes and ah array 
of column electrodes transverse to the row electrodes, 
and means for applying voltages to the two arrays of 
electrodes for selecting locations in the layer at which 
light is to be transmitted, wherein one or more row 
electrodes intersect one or more column electrodes, ^d 
wherein each area of intersection between a row 
electrode and a column electrode defines a pixel; and 

wherein said light generating and directing 
means generates and directs sequentially red, blue and 
green light towards each pixel, so that when any pixel 
is rendered light transmitting, red, blue or green light 
is permitted to pass through the entire pixel area to. 
display multi-color or full color images. 

46. A method for displaying iaonochromatic or 
color images, employing a display apparatus which 
comprises: (a) a layer of liquid crystal material; (b) 
a back light source comprising (i) a housing defining 
therein a vacuum chamber; {ii} a plurality of cathodes 
disposed in the chamber; (iii) means for causing the 
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cathodes to eaiit electrons; (iv) an enode in the 
chsMherj (v) pliosphor strips disposed in tlie cbamber at 
or near tbe anode and responsive to said electrons for 
2.0 generating liglit towards the layer of liquid crystal 
material; and (vi) grid electrodes aligned with said 
phosphor strips for directing electrons to the strips; 
said method comprising: 

(A) applying voltages at selected locations 
15 across the layer to modulate light transmission rate of 

the layer at said locations; and 

(B) applying a predetermined pattern of 
voltages to the grid electrodes to cause the phosphor 
strips to generate sequential licpit pulses to illuminate 

20 the layer. 

47. The method of claim 4€, wherein some of 
said phosphor strips generate light of a first color in 
response to electrons, and other that generate light of 
a second color in response to electrons, wherein at any 

5 one time said step (B> applies voltages to only to the 
grid electrodes that are alignied with phosphor strips 
that generate light of the same color. 

48. The method of claim 46, wherein the 
voltages applied in said step (A.) are analog and are 
proportional to the aa^litudes of an input signal, and 
wherein the voltages applied during step (B) are such 

5 that the sequential light pulses are of substantially 
constant intensity. 

49. The method of claim 46, wherein the 
voltages applied in said step (A) are of either one of 
two values so as to cause the selected pixels to be 
topaque or at the maximum transmission rate, and wherein 

5 the voltages applied in step (B) are such that the 
sequential light pulses form a "predetermined pattern of 
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intensities. 

50. The method of claim 49, iA«rein step (B) 
applies light pulses whose intensities form a pattern 
which increases as powers of 2. 

51. The method of claim 50, wherein some of 
said phosphor strips generate light of a first color in 
response to electrons, and other that generate light of 
a second color in response to electrons> wherein step 

S (B) causes light pulses of different colors to be 
generated, and i^erein for light pulsed of the same 
color, their intensities form a pattern which increases 
as powers 2. ' 

52. The method of claim 47, '<?herein some of 
said phosphor strips generate. red light, gome of said 
phosphor strips generate green light and some of said 
phosphor strips generate blue light in response to 

5 electrons, wherein the steps (A) , (B) are such as to 
cause the phosphor strips as a whole to generate a 
sequence of light transmission of different colors 
selected from the following sequence Of color 
transitions: blue light followed by bluish green light 
10 followed by green light followed by yellowish green 
light followed by yellow light followed by orange light 
and finally followed by red light, wherein the light 
sequence selected is a function of the amplitude of an 
input signal. 

53. An image display device for displaying 
images when viewed in a viewing direction, comprising: 

a substantially flat front end unit containing 
a matrix of independently controllable light shutters, 
each sh-utter having an eirea; 

front end control means for addressing and 
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controlling tihe light transmittance of the. light 
shutters to contaroX passage of light through a portion 
of the area of each light shutter in the front end iinit,^ 
said portion defining a light shuttering area; 

a stihstantially flat back end unit containing 
a multitude of sub-sections, each sub-section corre- 
sponding to a group of light shutters for iaage display; 

bade end control means for controlling eac^i 
sub-section independently from the remaining sub- 
sections to cause each sub-section to generate light 
pulses of one or more colors from at least a portion of 
its area, said portion defining a light emitting area, 
directed toward the corresponding group of light 
shutters in the front end unit; 

wherein said front and back end control means 
cause the light pulse from at least one sub-section to 
be synchronized with the passage of light through the 
corresponding group of light shutters in the front end 
unit. 

54. The device of claim 53, wherein when 
viewed from the normal viewing direction, the sxm of the 
light emitting areas of the sub-sections of the back end 
unit is substantially equal to or larger than the sum of 

5 the light shuttering areas of the light shiitters of the 
front end tPiit. 

55. The device of claim. 53, said matrix of 
light shutters arranged in rows, wherein said front end 
control means changes the light transmittemce of a row 
of light shutters at a time, said row defining a 

5 scanning line of light shutters, each sub-section of Uie 
baafe end unit overlapping two or more scanning lines in 
the front end unit when viewed in the viewing direction. 
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56. The device of claim 53, wherein said back 
end control means causes the back end imit to generate 
light pulses of red, green, blue primary coloirs to 
display and refresh static or dynamic color images at k 

5 Hz, k being a positive quantity, and wherein said light 
shutters in the front end unit have response time faster 
than about l/3k seconds. 

57 . The device of claim 53 , wherein the front 
end light shutt^ unit comprises a matrix addressed 
liquid crystal display (LCD) panel. 

58. The device of claim 53, vhereiii said back 
end unit comprises an anode, cathode elements, cathodo- 
lixminescent means, and means causing this cathode 
elements to generate electrons and causing the electrons 

5 to travel to the cathpdolxjminescent means to generate 
light pulses of one or more colors in response to the 
electrons. 

59 . The device of claim 53 , further comprise 
a diffusive means between the back end unit and the 
front end unit to smooth out the uniformity of lights 
generated by the back end unit. 

613. The device of claim 53, wherein back end 
unit has a thickness of about 4 to 12 millimeters. 

61. A method for addressing am image display 
device comprising (a) a substantially flat front end 
unit containing rows and columns of independently 
controllable light shutters forming a two dimensional 
5 array, said shutters changing their transmittance 
characteristic in response to a signal, said shutters 
requiring a predetermined response time period after the 
application of a signal thereto before light trajismitted 
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therethrough approaches a predetermined value; (b) a 
STiSsstantially flat bacK end unit for generating Xighfc 
pulses of one or more colors, directed toward the front 
end unit for displaying images when viewed txcm a 
viewing direction from the front end unit, said back end 
unit comprising a multitude of sub- sect ions, such that 
light from each sub-section is directed to a predeter- 
mined number of rows or columns of the light Shutters 
for image display, the light shutters in said predeter- 
mined nunier of rows oi; columns defining corresponding 
light shutters of the sub-section; said method compris- 
ing: 

applying scanning signals to the rows or 
columns of light shutters in the array to change the 
light transmittance through said shutters in the rows or 
columns, wherein a scanning cycle is def ined as the time 
period required for scanning signals to be applied once 
to all rows or columns of light shutters; and 

causing the sub-sections of the back end unit 
to emit light periodically during each scanning (Tfcl© 
directed towards its corresponding light shutters so 
that the light is directed from each sub-section to 
corresponding light shutters at a time delay after 
scanning signals have been applied to said corresponding 
light shutters, said time delay being substantially 
equal to or larger than the predetermined response time 
period of the shutters* 

62. The method of claim 61, wherein said 
applying step applies said scanning signals to the rows 
or columns of light shutters in the array at a scanning 
frequency, and -sdierein said causing step causes the sub- 
sections corresponding to the rows or columns of the 
light shutters to which scanning signals are applied 
sequentially, to sequentially emit light at substantial- 
ly the same scanning frequency. 
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63. The method pf claim 61, wherein said 
causing step causes the bacfe end Unit to generate light 
pulses of red,, green, blue primary colors to display and 
refresh static or dynamic color images at k Hz, k being 
5 a positive quantity, and wherein said light shutters in 
the front end unit have a response tlBe faster than 
about 1/ 3k seconds. 





78 



na 5, 



SUBSTiTUre SHEET 



PCr/US92/10925 



2/II 



1 
\ 



1 mmm m I 

T 



IT 



1 




SUBSmUTE SHEET 



wo 93/13514 



3/1! 



PCrAJS92/10925 




Fia 4, 



SU8ST1TUTE SHEET 



PCTAJS92/10925 

4/11 



601 



(R) tG)(8) CR)t6)(8y (R} {SH8)kR) (6) (8) dt^) m| 



204 I 1 
Ri G[ Bi 



Ro Go B? 



SUBSTrrUTESHt€T 



PCT/i;S92/10925 

5/11 




SUBSTITUTE SHEET 



WOS3/I3S14 



m 



PCr/US92/I092S 




SUBSTITUTE SHEET 




SUBSTlTUieSH^ 



wo 93/13514 



9/il 



PCr/lIS92/10925 




Fie. 18. 



SUBSTITUTE Sf€ET 



PCr/US92/10925 



10/ II 



DATA OF _ 
"COLOR A 



LCD 



^ROW i LIGHT PULSE 



-Lcoim 



-PHOSPHOR LATER 



FIG, m 




SUBSriTUTESHE£T 




SUBSTITUTE SHEET 



INTERNATIONAL SEARCH REPORT 


PCrAJ592/1093S 




A. CLASSIFICATION OF SUBJECT MAlTfEfc 

WCCS) ;P0SG3/36 

Acwrfbg lo Ul^^^ Patent Claaificatim flPQ or to b«h nittHMml dassificrfwa andlPC ^ 

B. FIELDS SEARCHED : . • • 


U,S. : 340/716,767,131 ."JSa; 358/56^,64^,236,237^1 




Electtonic dioa b«u« cc»«ltcd doring Ihe i«te«»I»a.l «xch (name of diU. tase pwakAte, .«xch tem. ««« 


r nnriTMFNTSCONaDERED TO BE RELEVANT 




Categoiy* 


GlatlM <rf doMtacot. vrith iiMfiMaiOB, whwe appropriafc. »f the retevant pMUgH 


Rdevuii: to cUim No. 


X 
Y 

Y 


US,A, 4,907,862 (Suntola) IS Nfareh 1990. Column 8, lines 30 to 
43 and figure 6b. 

Coloray Display Corporation, October 1990, "Field Emi^on 
Display technology Review", Technical Note # 01, pages 1 to 7. 


lto36, 
38 to 63 
37 

37 


n F"« 


her(fcc»nKaffl«eli5tcdinthcconti»ual5onofB««C. Q Sec patcntfcmUy 


•A- doci-ncntd.i3.iig the rtite »f *ft "* nititmiiatd principle or fliwfy »«dd«^ Snwrtioft 
•P- do<9i»io«ii*B*c4|»lorloIlBtai™fi«^ d«unMlB™b«<rf^a«-»«P««»tadtir 




D»lc of ihc »ctual completion of Uic intciMtional search 

nrEBRUARYiaw 


Date of niailing of the intcnutional search rqxiit 

31 MAR 1993 




Name and mailing addres* of the ISA/US 
Commiwioner of Pilenu and TndonaAi 

W»diingiaii,D.t:. 21031 
Vncslmile No. WOT APPLICABLE , 


AuthonzcdofScer /UW^>jfe^^ 
Wefferya.brier ^gS^3OT?-'=S 

Telephone No. (703) 30S-4723f , _ 





Fona PCT/lSAmO (second sheet)CJoiy 1992>* 



